The genus Sida is used extensively in herbal medicine. A simple and specific analytical method for the quantitative determination of ecdysteroids in S. rhombifolia is reported. The ecdysteroids were separated with an acetonitrile (0.1% acetic acid)-water (0.1% acetic acid) gradient at a flow rate of 1.0 mL per minute. The HPLC separation was performed on a Synergi Polar-RP reversed phase column and operated at 35ºC. Detection was performed at 247 nm. (7)] in aerial parts of S. rhombifolia. The LOD and LOQ for compounds 1-7 were found to be in the range from 0.07-0.1 µg/mL and 0.3-0.5 µg/mL, respectively. In the present study, a micro-morphological description of S. rhombifolia is provided. The developed method was used for the determination of ecdysteroids in various other species of Sida, which were compared both micro-morphologically and chemically.
The genus Sida (Malvaceae) consists mainly of herbs or shrubs, with ca 200 species distributed predominantly in the tropics and in warmer parts of Australia and America [1] . These species are economically important due to their medicinal value [2] . S. rhombifolia L. (mahabala) roots and leaves are used in the Indian system of herbal medicine (Ayurveda) [2] for urinary complaints, fever, heart diseases and inflammation. Stems, which abound in mucilage, are employed as demulcents and emollients both for external and internal use. In Europe the plant has been used for pulmonary tuberculosis and rheumatism. In Madagascar the plant is mostly used as an emollient; an infusion of the root is given in dysentery [3] . The roots and aerial parts are reported to contain β-phenethylamines, quinazolines, and carboxylated tryptamines [4] . Various alkanes and steroids have also been reported from the aerial parts [5] . Ecdysteroids are insect moulting hormones [6] , which are generally considered to have a significance and specific role in plant-insect chemical interactions [7] . An HPTLC method for chemical standardization of Sida species and the estimation of the alkaloid ephedrine has been reported [8] , and another paper recorded the phytoecdysteroid profiles of seeds of Sida species [6] . In any one species, the phytoecdysteroids were generally present as a complex mixture, comprising two or more major ecdysteroids and many other minor ecdysteroids, which could form a chemical fingerprint with chemotaxonomic significance [6] . However, no method has been developed for the simultaneous and quantitative analysis of ecdysteroids in aerial parts of Sida species by HPLC with PDA detection.
In the present study we developed a simple and precise HPLC method for the qualitative and quantitative analysis of the seven ecdysteroids (6) and 20-hydroxy-(25-acetyl)-ecdysone-3-O-β-D-glucopyranoside (7)] in aerial parts of S. rhombifolia. This newly developed method was used to analyze and validate the quantitation of these compounds in the six different species of Sida and to provide a comparative ecdysteroid profile of the different Sida species. A detailed microscopical description has also been provided for S. rhombifolia to assist in authentication of the species, as well as to compare it with other tropical Sida species. We also compared these tropical species with some temperate ones, which are not so commonly used in herbal medicines.
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[20-hydroxyecdysone-3-O-β-D-glucopyranoside (1), 20-hydroxyecdysone (2), 2-deoxy ecdysone-3-O-β-D- glucopyranoside (3), pterosterone-3-O-β-D-gluco- pyranoside (4), ecdysone-3-O-β-D-glucopyranoside (5), ecdysone
Chromatographic conditions:
Optimal chromatographic conditions were obtained after running different mobile phases with a reversed phase C18 column. The different columns tried were Synergi Max-RP 80 A, Gemini C18, Synergi Polar RP and Waters XTerra C18. The best results were observed with a Synergi Polar-RP 80 A column using, as mobile phase, water and acetonitrile, both containing 0.1% acetic acid.
Variation of the column temperature between 25-40ºC did not cause significant change in the resolution, although changes in retention time were observed. The column was used at 35ºC at a flow rate of 1.0 mL/min. Accuracy, precision and linearity: The five point calibration curves for the compounds showed linear correlations between concentration and peak area. The method was validated in accordance to the USP by determining several analytical and statistical parameters. Calibration data ( of detection were found to be in the range from 0.1-0.07 µg/mL for compounds 1-7, and the limits of quantification from 0.3-0.5 µg/mL. The accuracy of the method was confirmed by performing a recovery experiment. Samples (SR-1) were spiked with known amounts of the standard compound at two different concentrations (1.0 and 5.0 µg/mL), extracted and analyzed. Compared to the theoretical amounts, recoveries of 98.5% -104.5% were obtained. These data not only confirm the accuracy of the method, but also the integrity of the extraction procedure. All standards and samples were injected in triplicate. Multiple injections showed that the results are highly reproducible and showed low standard errors. Intraand inter-day (Table 2-3) variation of the assay was determined and showed to be lower than 5.0%, with a maximum RSD of 4.77. The assays were performed three times on three different days and each concentration point was injected in triplicate. The within day CVs for the replicates (n=3) were in the range from 0.76-4.55% for compounds 1-7, whereas the CVs for the day to day replicates (n=3) were between 0.27-4.77%. Peak purity and identity were verified by studying PDA data, as well by spiking samples with reference compounds. No indications of impurities were found. The analytical parameters, like accuracy, precision, linearity and limit of detection, are important for the assessment of the quality level of dietary supplements.
Analysis of plant samples:
The LC-UV chromatograms showed the presence or absence of ecdysteroids in various Sida samples (SR-1 to SR-7).
The method was applied for the quantification of the various Sida species and the concentrations of ecdysteroids are shown in Table 2 . The contents of 1-7 in S. rhombifolia (SR-1) were found to be 0.024, 0.087, 0.026, 0.045, 0.014, 0.025 and 0.057%, respectively; compounds 2 and 4 were found to be major components. Compounds 2 and 7 were detected in SR-2, but other compounds were not detected. In SR-3, all compounds were detected, but the amounts were very low in comparison with SR-1.
In SR-4, 2 and 3 were detected, but 1 and 4-7 were not. In SR-5, 3 and 4 were detected, but the others were not. In SR-6, only 5 was detected. In SR-7, none of the seven compounds was detected. The chemical profile of each Sida species showed a distinct pattern that enabled it to be differentiated from the others. Among the seven species of Sida examined, the extracts of S. rhombifolia and S. cordata were found to contain significant amounts of ecdysteroids, whereas the extracts of S. cordifolia, S. acuta, S. urens and S. canariensis contained only moderate levels, and S. hermaphrodita did not show any detectable ecdysteroids. The ecdysteroid profiles Figure 1E-F, Table 4 ). S. cordata has large elongated cavities in cork cells and distinct starch grains in the medullary rays ( Figure 1A-C) , unlike S. cordifolia and S. rhombifolia. S. rhombifolia and S. cordata both show the presence of rosette shaped oxalate crystals, reddish brown secretions and starch grains in the pith ( Figure 1D-G) . Mucilage canals were not observed in S. rhombifolia.
Comparison of tropical and non-tropical Sida species interestingly showed that all the tropical species studied lacked stone cells. S. urens and S. hermaphrodita both showed the presence of large cavities in the outer cork cells and distinct stone cells and large rosette shaped oxalate crystals. S. urens had mucilage canals in the pith, compactly filled with starch grains, which were absent in S. hermaphrodita ( Figure 1H-L) . Mucilage canals and the presence or absence of starch grains are some useful characters in the identification of a species. These characters were not reported for Sida species in previous Pharmacopeias. All Sida species have triangular strands of phloem bundles, with the narrow portion facing outwards; the vessels are small, ranging between 10-100 µm, more or less uniformly distributed in the cortex, with simple pitting. They have a distinct pith with or without mucilage cells.
Frequently, large rosette shaped oxalate crystals, starch grains and melanin secretions are observed in Sida species. The epidermis in a few species also showed the presence of stellate to unicellular trichomes, as well as capitate glands. In the present study, the micro-morphology of S. canariensis was not studied as whole roots were not available, but only the powder. 
Experimental
The standard compounds (1-7) were isolated at NCNPR. The identity and purity were confirmed by chromatographic (TLC, HPLC) methods, by the analysis of the spectral data (IR, 1D-and 2D-NMR, HR-ESI-MS) and comparison of these with published information [9] [10] [11] [12] . The % purity of these standard compounds was calculated (98.2, 98.7, 99.3, 96.9, 95.8, 97.9 and 98.8% for compounds 1-7, respectively). Acetonitrile, glacial acetic acid and water were of HPLC grade, purchased from Fisher Scientific (Fair Lawn, NJ, USA). Nitric acid, sodium hydroxide and toluidine blue were purchased from Sigma (St. Louis, MO, USA).
The Sida species studied were S. rhombifolia (SR-1) (1097), S. cordifolia (SR-2) (1072), S. cordata (SR-3) (1238), S. acuta (SR-4) (1226), S. urens (SR-5) (2745), S. canariensis (SR-6) (2390) and S. hermaphrodita (SR-7) (3300). The whole plant of S. rhombifolia was collected alongside interstate highway 10 in Pensacola, Florida, USA and authenticated by Dr Vaishali C. Joshi, National Center for Natural Products Research (NCNPR), University of Mississippi, USA. The other species of Sida were procured from the Medicinal Plant Garden, University of Mississippi, Missouri Botanical Garden, USA and from India. Voucher specimens of all samples are deposited at the National Center for Natural Products Research (NCNPR), University of Mississippi, USA.
Standard solutions for accuracy and precision determination: An individual stock solution of standard compounds was prepared at a concentration of 1.0 mg/mL in methanol. The calibration curves were prepared at seven different concentration levels, in triplicate, once each day and were used to assess accuracy and precision of the assay method. The range of the calibration curves was approximately 1.0-50 µg/mL.
Sample preparation: Dry, powdered Sida samples (500 mg) were sonicated in 2.5 mL of methanol for 20 min, followed by centrifugation for 15 min at 9000 rpm. The supernatant was transferred to a 10 mL volumetric flask. The procedure was repeated thrice and the respective supernatants combined. The final volume was adjusted to 10 mL with methanol and mixed thoroughly. Prior to injection, an adequate volume (ca. 2 mL) was passed through a 0.45 µm nylon membrane filter. The first 1.0 mL was discarded and the remaining volume was collected in an HPLC sample vial. Each sample solution was injected in triplicate. The injection volume was 10 µL.
Accuracy: A recovery experiment was performed to confirm the accuracy of the method. A sample (SR-1) was spiked with 1.0 mL of the standard stock solution, then extracted and analyzed under optimized conditions. Precision: Intra-and inter-day assay: Precision of the method was determined by analyzing five individual samples of specimens (SR-1) on three consecutive days. The samples were extracted and assayed under optimized conditions.
Instrumentation and chromatographic conditions

LC-UV analysis:
The HPLC system consisted of Waters (Waters Corp., Milford, MA, USA) model 6000A pumps, a Waters model U6K injector, a Waters model 680 automated gradient controller, a Waters model 996 photodiode array detector, and a computerized data station equipped with Waters Millennium software. Separation was achieved on a Synergi Polar RP 80A column (Phenomenex, 150 X 4.6 mm I.D.; 4 µm particle size; Phenomenex Inc., Torrance, CA, USA) and operated at 35ºC. The column was equipped with a 2 cm LC-18 guard column (Phenomenex Inc., Torrance, CA, USA). The mobile phase consisted of water (0.1% acetic acid) (A) and acetonitrile (0.1% acetic acid) (B), which were applied in the following gradient elution: 0 min, 90% A: 10% B for 5 min, in next 23 min to 76% A: 24% B and to 100% B for next 5 min. Each run was followed by a 5 min wash with 100% acetonitrile and an equilibration period of 15 min. The flow rate was adjusted to 1.0 mL/min.
Micro-morphological investigation: Roots of all five
Sida species were placed overnight in phosphate buffer at pH 5. Sections of ca 40 µm thickness were taken either by hand or/Cryotome. Sections were stained using toluidine blue. Sections were also treated with iodine to detect the presence of starch grains. These sections were then mounted on glass micro-slides. Root sections and powdered drug were also macerated to study the tracheids and fibers. For maceration, samples were digested in 10% nitric acid and 2-3 crystals of sodium hydroxide, and heated at 40-60°C for 15-20 minutes. Macerated samples were centrifuged, transferred to water, mounted on glass slides and observed using an Olympus BX41 microscope with a Cyto-viva light source; photomicrographs were taken using DP71.
